Learning about the dynamics of early childhood development in the context of poverty and malnutrition is an effective way to identify the periods of highest psychosocial vulnerability and the role of timing in the differential responsivity of young children to interventions. Motor activity under natural conditions is one area of development that requires further study because of its biological and psychological developmental importance. This paper presents an estimate of the development function of motor activity among poorly nourished children whose ages ranged from 12 to 30 months. It also focuses on the longitudinal relationship between the nature, level of motor development, and intensity of motor actions, on the one hand, and physical growth, dietary intake, and motor activity, on the other.
Introduction
Early childhood development programmes aim to prevent and ameliorate the psychosocial developmental delays observed among children from economically impoverished populations. In low-income countries, large-scale (national) programmes are justified because they allegedly foster a child's competence to meet the demands of primary education. In many of those countries, the governments face heavy economic losses associated with the failure of children to meet formal educational demands by dropping out of school early or having to repeat grades. For example, children finish primary school in 8 to 10 years instead of 6 years as it is programmed. These disappointing outcomes often follow early childhood malnutrition, poor health, and limited educational opportunities.
The recent attention that international organizations and interested governments have given to early developmental delays calls for a comprehensive understanding of the patterns of development among children who are developmentally at risk in low-income countries to identify sensitive points for intervention. Good intentions, by themselves, will not bring about salutary developmental changes. Little is known about childcare practices and the social, emotional, motivational, motor, and mental development of such children. Learn-ing about the course of their development and its environmental determinants in the context of poverty and malnutrition will help identify the periods of highest vulnerability and the differential responsivity to interventions as a function of timing.
Physical growth among low-income populations in low-income countries illustrates the importance of drawing the trajectory of a particular growth or developmental outcome. The linear growth of such populations is close to the median of the reference standards of the World Health Organization (WHO) up to about four months of age. This period is followed by a period of growth faltering up to about 36 months [1] [2] [3] . The most timely period of intervention to prevent, in part, growth faltering is during the periods when growth deficits are steep [4] .
The reduction of energy intake leads to a reduction of energy expenditure, including lowering motor activity [5, 6] . It is theoretically plausible that this adaptation [6] places a heavy toll on development, since motor activity is an important antecedent of cognitive function and social-emotional regulation [7] [8] [9] [10] . In the context of developmental psychology, motor activity is also recognized as a key indicator of infant temperament. Interindividual differences in activity have been associated with differences in the intensity with which children respond to environmental stimuli [11, 12] .
The theoretical recognition of the biological and psychological importance of motor activity has not been accompanied by strong field studies on the motor activity of nutritionally at-risk children under natural conditions [13] . There is a large body of knowledge and normative data on the timing and characteristics of physical growth of well-nourished and poorly nourished children, but this is not so for motor activity. For example, it is not known whether the deceleration in growth that starts at about four months among poorly nourished children is associated with a similar shift of motor activity. Likewise, we know little about the behavioural mechanisms that mediate the reduction of motor activity under conditions of deficient diets or increased morbidity. Moreover, only recently has it been recognized that besides energy deficiency, deficiencies of zinc and iron also reduce motor activity [14, 15] .
Field studies of the motor activity of young children from different populations will help us understand the nature and causes of intra-individual, interindividual, and intergroup variability of activity levels. The enormously complex task of standardization of methods to collect normative data may be prohibitively expensive and is not likely to generate interpretable information if the ecocultural context is not accounted for.
This paper addresses the following questions: What is the developmental function of motor activity among poorly nourished children whose age ranges from 12 to 30 months? How does this developmental function compare with the weight gain and linear growth curves of the same children? Is there an association between changes in the shape of the curve for the developmental function of motor activity and changes in energy intake? What is the longitudinal relationship between the nature, level of motor development, and intensity of motor behaviour, on the one hand, and motor activity, on the other hand?
Methods

Research design
This study is part of a larger project on early supplementary feeding, motor development, behaviour, and cognition in West Java, which included two cohorts of children (12 and 18 months old) enrolled in 24 daycare centres in six tea plantations. There were three different dietary interventions: energy plus micronutrients (E), micronutrients (M), and skim milk (SM). The dietary interventions were randomly assigned to the day-care centres. For the present study, the effects of treatment were statistically controlled, and within each cohort the subjects from the three groups were pooled together.
Location
The six tea plantations were located in the subdistrict of Pangalengan, 50 km south of Bandung, the capital of West Java. Pangalengan is at an elevation of 1,500 to 1,800 m above sea level and has a temperature that ranges from 12° to 17°C. The six plantations encompassed 32 communities of workers and their families, with little in-or out-migration. In 1992 the average wage for picking tea leaves was approximately Rp 72,000 per month (Rp 2000 = US$1.00). The population of each community ranged from 272 to 2,399 (average, 1,047), with an average household size of 4.2 members.
Communities and day-care centres
Twenty-four communities in the six tea plantations met two inclusion criteria: presence of a day-care centre and at least two infants or toddlers classified as wasted and stunted. All houses had electricity and potable water. Public bathrooms with toilets were available in separate quarters. Primary schools and medical services were available in all communities.
The day-care centres were usually located in the residential area of each community and were open from 6 a.m. until 2 p.m. Most had one multipurpose room for playing and napping, a kitchen, a restroom, and a small vegetable garden. The children enrolled in the day-care centres ranged in age from 1 to 72 months, and the number of children per day-care centre ranged from 5 to 35.
Subjects
All children 12 (±15 days) and 18 (±15 days) months of age living in the communities and enrolled in the daycare centres were potential participants. Among these children, we selected and invited to enroll those children who met two anthropometric criteria: wasting and stunting. Wasting was defined as a weight-for-length between one and two standard deviations below WHO standards. Stunting was defined as a length-for-age below one standard deviation of the respective median of the same reference. There were 53 children in the 12-month cohort and 61 children in the 18-month cohort.
Variables and measurements
Motor activity
Every two months, three fieldworkers carried out four hours of observation of motor activity when the children were awake: two hours in the morning at the daycare centres and two hours in the afternoon at home. The second session usually took place after the mother returned home from working in the field.
The list of activities used is a modification of the lists used by others [13, 16] in studies on malnutrition and motor activity (table 1). Continuous observations were conducted with the aid of computer notebooks (Acer Model No. K386S) and custom-tailored software. Observation and recording of the data were done simultaneously. A total motor activity (TMA) score was calculated as follows: (table 1) .
Of particular interest were the processes involved in the variability of activity within or between children. We investigated three particular changes: changes in intensity; changes in the frequency and duration of activities having low, moderate, or high energy cost; and acquisition of new motor skills.
Dietary intake
The total energy intake of the children at the day-care centres and at home was measured for a 24-hour period at the beginning of the study and every 2 months thereafter for 12 months. These measurements included the energy from the supplements given to the children from the two cohorts and as part of the larger study. However, as noted, the effects of the nutritional intervention were controlled for in the assessment of the growth and developmental outcomes reported here.
Anthropometry
According to the same schedule as the dietary-intake assessments, a series of anthropometric measurements was obtained, including weight, recumbent length, head circumference, skinfolds, and arm circumference. This paper is concerned with only the first two of the anthropometric measurements.
Motor milestones
The main objective was to assess the sequential changes in gross motor skills (e.g., crawling and standing) leading to bipedal locomotion. To assess these changes, we developed an ordinal scale based on the classical work of Myrtle McGraw [17] on the neuromuscular maturation of the human infant and on over 100 hours of observation of infants and toddlers who attended the day-care centres. McGraw had proposed a timely sequence in the development of different phases of motor skills involved in movement, ranging from incipient propulsion in the superior region of the body to erect locomotion. A motor milestone score was obtained based on the child's most advanced skill. These data were collected weekly.
Bayley Scale of Motor Development
This scale includes items that test both fine and gross motor movements. Palmar prehension, thumb opposition, and partial finger prehension of a pellet are examples of items that test fine motor movements. Gross motor movements are assessed by items such as sits with support, pulls to sitting position, stepping movements, and walks with help. Figure 1 presents the mean scores of motor activity obtained every 2 months for 12 months from the two cohorts. It also includes an exponential regression estimate for the 12-month cohort (R 2 = .98). After reaching a motor activity score of about 450, the curve turns flat in both the 12-and the 18-month cohort (see also table 2). This pronounced change in motor activity was unexpected, because on average children in this population are first able to walk without assistance, which is a comparatively high-energy expenditure activity, at about 14 months [18] . Figure 2 presents the curve estimated from the means of the total energy intake at each time point for the two cohorts. It also includes the results from the respective regression equations. For both cohorts, the best fit to the data were linear regressions; for the 12-month Developmental function of motor activity cohort, R 2 = .34 (p < .0001), whereas for the older cohort, R 2 = .32 (p < .0001). The differences in the shape of the curves that best fit the intake (linear) and activity (curvilinear) data show that the precipitous change in activity level at about 18 to 20 months was not preceded or accompanied by a change in the intake of energy. Figures 3 and 4 present the weight and the recumbent length curves and the results from the regression equations. Here again these functions do not resemble the curve of activity level.
Results
Developmental function of motor activity (12 to 30 months)
Energy intake and anthropometry
Processes involved in the regulation of motor actions
Intensity (vigour)
The Count growth model [19] was also used to estimate the developmental function of activity with and without the intensity factor. We have shown previously that the Count model provides a close fit to growth data [2, 20] . The three model parameters represent three components: initial departure point (i.e., not time dependent) a, linear increase in activity b, and deceleration c.
The mathematical expression is written as follows:
Figures 5 and 6 present the curves of the motor activity scores, with and without intensity, for the 12and 18-month cohorts, respectively. Figure 5 shows that the Count model provides a moderate fit to the data from the 12-month cohort, with (R 2 = 0.35; p < .0001) and without (R 2 = 0.36; p < .0001) intensity. Both curves show a modest incremental change in motor activity up to about 18 to 20 months of life, followed by significant deceleration. The equations for the 18-month cohort ( fig. 6 ) were also statistically significant, but the r 2 = 0.5306; p = 0.0001; Sex: 0 = female, 1 = male R 2 in both equations was very modest (0.10). Both lines show a very slow increase of activity throughout the 12 months of observation.
Changes in motor development
In the 12-month cohort, the non-parametric (Spearman) coefficients of correlation among the three motor variables (activity score, motor milestones, and Bayley Motor score) up to about 18 months are moderate to large in size. The coefficients range from 0.35 (motor activity and Bayley Motor score) to 0.82 (motor activity and motor milestone scores). However, after 18 months there is a large drop in the size of the two coefficients, so that by 24 months these correlations are not different from zero. Such a statistical pattern in the association of motor development and motor activity should not be surprising, because by about 20 months the variability of motor development was significantly reduced, as most children were able to walk with or without assistance.
Changes in motor behavioural profile
Children can change their motor behavioural profiles by changing the frequency and duration of activities with low or high energy cost. Figure 7 presents the longitudinal curves based on the mean values of the three sets of activities having different energy costs at each of the assessment periods of the 12-and 18-month cohorts. These curves show that during the first 6 months of observation, there was a change in the behavioural profile of the children of the 12-month cohort. Simultaneously, their involvement in low-cost activities decreased and their involvement in moderate-and high-cost activities rose. This is not obvious for either the second 6 months of the 12-month cohort or for the entire 12-month period of observation Developmental function of motor activity of the children of the 18-month cohort. In this older group there was a modest change in the pattern of behaviour involving the three categories of activity.
Discussion
There was a downward shift in motor activity at about 18 months. This developmental function is reminiscent of the deceleration of weight and linear growth observed at about 4 to 6 months among many nutritionally at-risk infants in low-income countries. However, because the study started when the youngest children were 12 months of age, no conclusions can be drawn from this sample regarding the shape of the activity function at that earlier age. We can conclude, however, that the steep decrement in motor activity observed at 18 months was not associated with a similar decrement in the velocity of physical growth. Likewise, the change in activity was not associated with any major change in the caloric intake of the children.
Other research sources have shown that motor development is not spared in the presence of malnutrition during the first 18 months of life. Several studies have shown that early supplementary feeding of poorly nourished children improves their performance in motor development scales [21] . It would be adaptive if malnutrition were to have a larger effect on physical growth before it affected motor development, because, as we have already noted, skills such as creeping, crawling, and walking are milestones of substantive value for cognitive and social-emotional development. In particular, this type of delay of motor development can delay visual perceptual development.
The intra-and inter-individual variability of motor activity depends on the intensity of the actions and the nature and use of the motor skills that are part of the behavioural profile of children. In our sample, the children were neither vigorous nor energetic, and their behaviour was characterized primarily by involvement in activities having a moderate or low energy cost. This was true even for children whose ages ranged from 24 to 30 months.
It is plausible that the pattern of motor activity that we observed among the infants and toddlers in Pangalengan is explained by contextual and cultural factors [22] . For example, the caretakers in the daycare centres where the children spent over six hours a day were generally concerned with pooling children into a group and placing them in particular areas of a multipurpose room. This informal policy must constrain somewhat the mobility of the children who are walking. Moreover, the children were free to move about the yard only during a relatively short recess period. In addition, in the communities the caretakers often carry infants and toddlers on their hips. Such a practice could certainly be an additional limiting factor.
